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TECH REPORT SERIES 

The FSU CAZ Tech Report Series is intended to communicate the 
research findings from studies and sponsored projects that have direct 
implication for the role of computers in education and training. The 
rationale for the tech report series is fourfold. First, the tech 
reports provide a convenient document format for reporting the results 
of all phases of large CAI projects. These projects typically span 
too many areas to be reduced into the more conventional research article 
format. Second, major computer systems designs will be presented in 
their entirety within the tech report series. Third, this series will 
provide colleagues at the FSU CAI Center an opportunity to develop 
major conceptual papers relating to all phases of computers and instruc- 
tion. And fourth, all of the dissertations performed at the CAI Center 
will be published within this series. 

In terms of content, one can anticipate a detailed discussion 
of the rationale of the research project, its design, a complete report 
of all empirical results as well as appendices that describe in detail 
the CAI learning materials utilized. It is hoped that by providing 
this voluminous information other investigators in the CAI field will 
have an opportunity to carefully consider the outcomes as well as have 
sufficient information for research replication if desired. Any com- 
ments to the authors can be forwarded via the Florida State University 
CAI Center. 



Duncan N. Hansen 
Director 

Computer Assisted Instruction Center 
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PREFACE 



This report represents a long and diligent effort on the part of 
many individuals at Florida State University to investigate in a sub- 
stantial manner the developmental and effectiveness factors in a colleg- 
iate level Computer-Assisted Instruction course in undergraduate physics. 
The challenge of creating a course for a computer-based presentation, 
especially at the beginning of the project in 1966, were considerable. 

The project was arduous both in terms of its size and challenge because 
of the full commitment to investigate all phases of the development, 
execution, revision and cost effectiveness of the CAI Physics Course 
from a research point of view. We trust that this report sufficiently 
describes the findings and proves useful to educators and researchers in 
terms of understanding the nature of CAI curriculum development as well 
as some possible implications as to its positive pay-off for collegiate 
instructions. 

Past experienc has indicated that a wide variety of scientists 
and educators will be interested in this report. Consequently, we have 
organized the final report into three parts in order to facilitate better 
dissemination. Volume I consists of the main body of the report. This 
covers the topics of 1) the statement of the problem, 2) the background 
literature, 3) the developmental curriculum processes, 4) a description 
of the multi-media techniques used within the course, 5) a set of CAI 
physics problem exercises, and, then, 6) the three subsequent field 
studies. Volume I is cpncluded with a presentation on cost analysis and 
a statement of what we consider the important conclusions. Volume II 
presents the appendices that describe in complete detail the nature of 
the learning materials and evaluative instruments utilized. This covers 
such topics as the course objectives, the data management system utilized 
for course monitoring and revision, booklet utilized by the students, 
presentation of audio lectures, homework problems, descriptions of films 
plus personality and attitude instruments. Volume III is a presentation 
of the CAI curriculum. This is broken up into two parts, that is, the 
1500 CAI course and the problem sets presented via the 1440 computer. We 
trust this organization will prove useful to the different types of readers 
who would not want to be burdened with extra material unless they have an 
express purpose for it. 

We wish to thank USOE and personnel in the Bureau of Research who 
have patiently advised and critiqued this project. We especially wish to 
thank Dr. Louis Bright for helping in the initiation of the project, plus 
Dr. Howard Hjelm, Dr. Andrew Molnar, Dr. William Adrian, and Dr. Howard 
Figler for their continuing interest and advice. 



Here at Florida State University we wish to thank Dr. Steven 
Edwards, Dr. Gunter Schwarz, Dr- William Nelson, Dr. Neil Fletcher, 
and Dr. Robert Kromhout of the Department of Physics. Their con- 
ceptional advice, editorial assistance, and continuing interest were 
invaluable to the execution of this research project. We wish to 
thank Mrs. Ora Kromhout, Albert Griner, Joseph Betts, Marjorie Nadler, 
and Robert Hogan who authored the CAI materials. We wish to thank 
Mrs. Betty Wright, Mrs. Charlotte Crawford, and Mrs. Sharon Papay for 
their diligent efforts in coding and debugging the CAI course material. 
In turn, we wish to thank Mr. Beveriy Davenport, Mr. Eugene Wester, and 
Mr. Wayne Lee for their efforts in developing the computer programs, 
especially in the area of data analysis, that allowed for the course 
revision. We wish also to thank our numerous, invaluable graduate 
students who contributed instrument ally in the development of the 
project. These were Kenneth Majer, Harold O'Neil, Leroy Rivers, Paul 
Gallagher, James Papay, and William Harv:y. And lastly, the help of 
our secretaries in both the preparation and editing of this report was 
invaluable. We, therefore, wish to thank Louise Crowell, Dorothy Carr, 
Harvey Varner, Mary Calhoun and Ann Welton. 

We trust that the findings from this report will prove useful 
and represents a sound investment on the part of the Bureau of Research 
of the U. S. Office of Education. 



Duncan N. Hansen 
Walter Dick 
Henry T. Lippert 
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Lesson Number: 1 

Lesson Title: Introduction 



OBJECTIVE : 

Introduction to Physics and tools needed 
to study physics (physics: the fundamental science 

of the natural world which deals with time/ 
space/ motion/ matter/ electricity/ light/ and 
radiation. The tools needed are a system of 
measurement and mathematics.) 

Concept of Measurement (expression of the 
need to quantify In order to benefit from use- 
fulness of mathematics) . 

Mathematics--described as a language of 
description. 

CONCEPTS PREVIOUSLY NEEDED AND ACQUIRED : 

None. 



CONCEPTS TO BE ACQUIRED : 

Primary tasks of a physicist: 

1. Observation of phenomena-- 
tools are the instrumentation 
and basic laws of physics (which 
Is the subject under discussion). 

2. Measurement and description of 
phenomena--tool s are the system 
of measurement and mathematics. 

Need for a well-defined system of measure- 
ment through which: 

characteristics may be qu ant f f Le d 
composition mass 

size length 

position time 

Three fundamental quantities through which characteristics 
may be quantified: mass/ length/ time. 

System of basic units or building blocks for measuring the 
fundamental quantities: 

quantity unit 

mass kilogram 

length meter 

time second 

ABILITY TO ANSWER THE FOLLOWING QUESTIONS : 

What are the three basic quantities which are used to de- 
scribe phenomena occurring in the natural world? (mass/ length/ 
time) 

What units are used to measure these quantities? (kilo- 
gram/ meter/ second) 

Al 




o 

ERIC 



15 



Lesson Number: 
Lesson Title: 



2 

Scientific Notation 



OBJECTIVE : 

Introduce the correct scientific notation 
--one digit to the left of the decimal point, 
significant digits multiplied by a positive ten 
which has been raised to the appropriate positive 

or negative power. , . „ , 

Define "order of magnitude" (nearest power- 

of-ten derived from quantity expressed In 

scientific notation). 

| Demonstrate arithmetic operations on 

quantities expressed In scientific notation 
(addition, subtraction, multiplication, 
i division, and exponentiation). 




; CONCEPTS PREVIOUSLY NEEDED AND ACQUIRED : 
Basic arl thmetlc ski 1 ls--add 1 1 Ion, 
i subtraction, multiplication, division and 
' exponentiation. 

Familiarity with elementary, linear 
algebra--expressed by ability to solve 
linear equations of the general form: 

Ax ♦ b = y 



j CONCEPTS TO BE ACQUIRED : 

Recognition of correct scientific 
• notation format. Examples: 1.967 x 10 5 , 

t 2.06 x 10-3, 7.3 x iol , 8.0 x 10 1 
1 Calculation with quantities expressed In 

I scientific notation: . 

Addition: .70 ♦ 5.6 s 7.0 x 10' + 0.56 x 
10 1 » 7.56 x 10 1 9 

) Subtraction: 350-5 * 3.50 x 10* - 0.05 

i x 10 2 = 3.45 x 10 2 

j Multiplication: 317 x 45 = (3.17 x 10 2 ) 

[ (4.5 x 10 1 ) * 14.265 x 10 3 * 1.43 x 10 1 * 
f Division: 320 x 10 2 « 3.2 x 10 4 a 2 Q x }Q S 

| 16 x 10” 3 1 .6 x 10" 2 r- 




Recognition of order of magnitude: 
Number Order of M agnitude 



3.17 


X 


10 2 


10 2 


9.7 


X 


10 2 


103 


5.5 


X 


10 2 


103 


3.17 


X 


10" 2 


10 -2 


5.5 


X 


10-2 


1G-1 
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ABILITY TO ANSWER THE FOLLOWING QUESTIONS ; 



Evaluate (17.3 x 10 5 + 3.5 x 10“ 2 ) (315 6) 
747 - 6.5 x 10 2 

Given a list of numbers, what is the order 
of magnitude of each number? 



Lesson Number: 3 

Lesson Title: Scaling and Scale Models 



OBJECTIVE ; 

Demonstrate the usefulness of scale models 

— advantages of reduced experimental costs. 

Explain the relationships between physical 
dimensions and physical characteristics — 
linear dimensions and their relationships to 
surface area, volume, strength, weight, heat 
loss, and heat production. 

CONCEPTS PREVIOUSLY NEEDED AND ACQUIRED : 

Functional relationships and proportions: 



1 . 


direct 


proportion - a oc b which 




impl i es 


a * kb + n 


2. 


inverse 


proportion - a oc i which 

b 




impl i es 


a » k + n 



b 



CONCEPTS TO BE ACQUIRED : 

Effect upon physical characteristics 
caused by variations in linear dimensions 
(denoted by x) Proportional to : 



length 


. . .X 

e% 


surface area 




cross surface area. . . 




volume 




strength 




weight 


...x3 


heat loss 


...x2 


heat production 
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AR1I I TY TO ANSWER THE FOLLOW ING QUESTIONS: 
How would a change In the linear 
dimensions of an object affect length/ 
surface area/ cross sectional area/ volume 
strength/ weight/ heat loss/ and heat 
production? (X/ x 2 , x 2 , x 3, x 2, x 3, 

, and x 5 , 




Lesson Number: 4 

Lesson Title: Vectors 



OBJECTIVE : 

Define a Vector-a quantity having magnitude and direction. 
Demonstrate arithmetic operations which may be performed on 

VeCt °muitl plication by quenti t i es having magnitude but not direct*- 

(scalars) ^ ^ . 

V = 6v x + 4v y 



6 V = 36v x ♦ 24v y 

A a ^ 

addition of vectors: A + B * C 




B 



rnMr.FPTS PREVIOUSLY NEEDFD AND A C Q lHBEtt- 

Elementary tr igonometry-fami 1 iari ty wi 
tangent of an angle. 

A4 



th sine. 



cosine and 
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quanti ty having 
quantity having 



CONCEPTS TO BE ACQUIRED : 

Definition of a vector: 
magnitude and direction. 

Definition of a scalar: 
magnitude only. 

Steps in addition and subtraction of vectors: 
separate into components and add algebraically. 

Effect of multiplying a vector by a scalar: 
changes the magnitude of the vector only; 
direction stays constant. 

Exposure to physical quantities which are 
vectors: velocity/ force and acceleration. 

Definition of acceleration as time rate of 
change of velocity 1? s A S 

A t 

Definition of acceleration due to gravity 
as 9.8 m/sec^ . 

ABILITY TO ANSWER THE FOLLOWING QUESTIONS : 

Define a vector. 

Define a scalar. 

Identify those quantities which are vec- 
tors from the following list: mass# force/ 
accel erat i on . veloci tV / volume/ etc. 

The three that are underlined must Remedial 

be identified. 

Students must be able to find the 
resultant vector from a series of vectors 
mentioned in a word problem. Suppose/ starting 
at the Westcott Building/ you take the following 

you walk 1 block north/ 1 block east/ 2 blocks 
2 blocks west/ 1 block south/ 2 blocks east/ 2 
south/ and 1/2 block west. Your net displacement 
end of your trip is ( 1/2 block east! . 



f Read 2 . 2A 

viilI 2 -' t ) 




Audio V 
3 pages 
10 ill us ./ 
.6 min., 




walk: 
north/ 
blocks 
at the 



Time rate of change of velocity is (acceleration) . 
The acceleration due to gravity is ( 9.8 m/sec2 ) . 



Lesson Number: 5 

Lesson Title: Elements/ Molecules/ Crystals/ Atoms and Gases 



OBJECTIVE : , , 

Introduce physical characteristics of matter--compos 1 t ion/ 
states of existence/ and universal property of an object (mass) 



CONCEPTS PREVIOUSLY NEEDED A ND ACQUIRED: 
None. 



A5 
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CONCEPTS TO BE ACQUIRED : 

Definitions through which the composition 
of an object may be specified: all matter is 

made up of elements — substance that cannot be 

further divided chemically/ 
a toms --smal lest piece of an element 

which retains its identity; 
mo1ecules --sma1 1 est piece of a compound 
which reta ins its identity. 

Matter may exist in one of three physical 
states at a given time: 

solid** “defined a s a crystalline sub- 
stance/ molecules immobile; 
liguid- -molecules spaced apart from 
each other and capable of 
| motion; 

gas — molecules widely spaced apart 
; and capable of much motion; 

crystalline substance --partlcles 

rigidly and closely packed 
in fixed geometrical arrays. 
Universal/ unchanging property of matter is 
its mass. Mass is a comparative measure of matter. 
Measurement is done on a beam balance wherein 
standard reference masses are employed, 
i Pressure/ volume and temperature relationships 
jfor gaseous substances. (Expressed In form of 
1 1 deal Gas Law/ pV = RT.) 

4 

: A3 1 L I TY TO ANSWER THE FOLLOWING QUESTIONS : 

( Define mass. 

\ Given changes in characteristics of a gas 

(with other characteristics held constant/ what 
twill happen? (Student is expected to be able 
[to work with the Ideal Gas Law). 



Read ^ 



3.4/ 5.5y 
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Lesson Number: 6 

Lesson Title: Introduction to Light and Optics 



OBJECTIVE : 

Introduction to light and optical phenomena. 

CONCEPTS PREVIOUSLY NEEDED AMD ACQUIRED : 

Vectors and vector algebra — a vector is a 
quantity having both magnitude and direction. 
Familiarity with vector addition. 

CONCEPTS TO BE ACQUIRED : 

Light travels in straight lines. 

Four ways in which light may be bent: 

1. reflection — 1 ight reflected from a 

plane surface will have 
equal angles of incidence 
and reflection; 

2. refraction — light traveling through 

two transmitting media will 
experience a change In the 
path according to Snell's 
Law sin i/sin r * n r /nj • 

3. scattering-reflecting or refracting 

light so ?.s to diffuse It 
in many directions; 

4. diffraction — modification that light 

undergoes when passing 
the edge of an opaque body. 
Properties of light and optical phenomena: 

1. images— visual counterpart of an ob- 

ject formed by a mirror or lens; 

2. real images--l ight rays appear to 

converge at the Image; image 
may be detected on an opaque 
surface; 

3. virtual lmage--no light rays actually 

pass through or originate at 
the image; 

4. Inverted and perverted images — 

perverted— right and left sides 
of image Interchanged; 
i nverted—top and bottom of 
image are interchanged. 




Film 20 
23 min. 




ABILITY TQ^ANSWE R THE FOLLOW! Nfl QUESTIONS : 

What is the relationship between the angle 
of Incidence and the angle of reflection for light reflected 
from a plane surface? (They are equal.) 

What are the characteristics of the two basic types of 
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Inverted and 



Images? (real and virtual) 

What are the describing characteristics of 
perverted Images? 

Describe four ways In which light can be "bent". 



Lesson Number: 7 

Lesson Title: Particle Model of Light 



OBJECTIVE : 

Given general characteristics of light 
(lesson 6), this lesson suggests a model for 
use In later work. The model suggested at this 
time Is the particle model. 

CONCEPTS PREVIOUSLY NEEDED AMD ACQUIRED : 

Light travels in straight lines. 

Definition of ref lect ion--l ight Is reflected 
from a plane reflecting surface with the angle of 
reflection equal to the angle of Incidence. 

Definition of refraction (Snell's Law)-- 
when light, traveling through a transml tt I ng medium 
strikes the surface of another transmitting medium 
the path of the light bends toward (or away from) 
the normal to the interface according to the 
relationship s In I = n r 

sin r nj 

CONCEPTS TO BE ACQUIRED : 

Characteristics of light which can be 
explained by the particle model: 

a. 1 Ight '■ravel s In straight lines. 

b. reflection 

c. refraction 

d. intensity of 1 1 lumlnat ion— more parti- 
cles striking a unit surface In a unit 
of time yield a higher Intensity of 

I 1 lumi nation. 

Possible failure of model: speed of light 

In two media; does light travel faster In water 
than In air? Particle model says water. (Snell's 
Law derived using velocity vectors.) 

Properties of particle model: 1) light 

consists of particles where the source Intensity 
Is proportional to the number of particles per 
second; 2) the particles are small so light 
won't scatter In clear air; 3) particles 
travel very fast so that gravity won't affect 
their path . 
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ABILITY TO ANSWER T HF FOLLOWI NG QUESTIONS.: 

What are the basic properties of the particie model? 
According to the particle model/ does light travel faster 
In water or in air? (water,) How is this predicted by Snell s 
Law? sin i v r 

sin r Vj 

What does experimentation show us concerning this relation- 
ship of velocities? (Light is faster In air.) 



Lesson Number: 8 , , , , 

Lesson Title: Failure cf Particle Model of Light and 

Introduction to Wave Model 



OBJECTIVE : 

Enumerate failures of particle model for 
predicting Snell's Law of refraction which 
states that the ratio of the sine of the angle 
of Incidence to the sine of the angle of re- 
fraction Is a constant and equal to the ratio 
of the Incident wavelength to the refracted 
wave length. 

Part I cle model erroneously predicts that 
light moves faster in water than In air. 

Introduction of wave model. Newton was 
dissatisfied with the particle model and 
subsequently suggested that light may be a 
series of periodic sine waves defined by the 
following diagrams: 




If the equilibrium axis becomes a time scale/ 
frequency of wave vibrations may be specified 
as the number of wavelengths in one time unit. 
The period of vibration Is defined as recip- 
rocal of the frequency/ or length of time for 
passage of one complete wave. 



f Read 
V 5.1/ 5.2 




CONCEPTS PREVIOUSLY NEEDED AND ACQUIRED : 

Part ! cle model of 1 i gh t — 1 i gh t is defined 
to be a series of small particles traveling 
in s tra i ght 1 i nes . 

Snel 1 1 s Law : 




- = constant 
sin r 



' r 

Elementary geometry--(a knowledge of 
similar triangles) Student must follow proof 
that! 





Ref 1 ectlon--a ray of light is reflected from a plane 
reflecting surface with the angle of reflection equal to the 
angle of Incidence. 

Ref raction--wi th few exceptions, light velocity in a 
material surface is different from that in free space. 



CONCEPTS TO BE ACQUIRED ; 

Reflection of waves~-a plane wave is reflected from a 
plane surface with the angle of reflection equal to the angle 
of incidence (law of reflection). 

Behavior of waves in one medium“*“wave length and velocity 
are constant. 

Refraction of waves--when a train of light waves, traveling 
in a transparent medium, strikes the surface of a second dlf~ 
ferent transparent medium, two new wave trains are found to be 
originated at the interface. The reflected wave travels back 
into the first medium according to the law of reflection. The 
refracted wave propagates through the second medium in a 
direction predicted by the index of refraction of the second 
med i urn . 

Wavelength --distance between successive crests or 
successive troughs in a wave train. 

Wave velocl ty--product of the wave frequency and the 
wave length. 

Wave f requency-^number of vibrations in a unit of time. 



o 
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Period of a wave*-time required for one complete vibration. 
Derivation of Snell's Law using wave model of light. 




Refracted Wave Train. 



ABILITY TO ANSWER THE FOLLOWING QU ESTIONS: 

Describe a wave train and its important components and 

characteristics. , . 

What is unsatisfactory about the particle model? (Fails 

to correctly predict speed of light in water.) 



Lesson Number: 9 

Lesson Title: Wave Model of Light 



OBJECTIVE : 

Introduce advantages and characteristics 
of wave model . 

Diffraction of waves — light may be observed 
to bend around objects and produce secondary 
shadows which differ from the geometrical 
shadow suggested by particle model of light. 

Principle of superposition — when two waves 
cross in a medium/ the net displacement of the 
medium from equilibrium at that point Is the 
sum of the two individual displacements. . 

Constructive interference--two or more 
waves cross in a medium to produce a larger 
resultant wave. 

Destructive Interference — two or more waves 
cross in a medium to produce a smaller resultant 
wave. 



All 




V 
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CONCEPTS PREVIOUSLY NEEDED AND ACQUIRED : 
Particle model of 1 ight--l ight defined 
to be a series of small particles traveling 
i n stra i ght 1 i nes . 

Snell's Law--d i scovery that the sines 
of the angles of incidence and refraction 
stand in a constant ratio for a given pair 
of media. 




sin i 
sin r 



= constant 



Elementary geometry--(knowledge of 
similar triangles) Student must follow 
proof that: 




Demo 
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CA = S£ 

si n r sin i 




Reflection of waves--a plane wave is reflected from a 
plane surface with the angle of reflection equal to the 
angle of incidence (law of reflection). 

Behavior of waves in one med ium--wave length and 
velocity are constant. 

Refraction of waves--when a train of light waves / 
traveling in a transmitting medium/ strikes the surface 
of a second/ different transmitting medium/ two new wave 
trains are found to be originated at the interface. The 
reflected wave travels back into the first medium according 
to the law of reflection. The refracted wave propagates 
through the second medium in a direction predicted by the 
Index of refraction of the second medium. 

V.'avelcngth . — distance between successive crests or 
successive troughs in a wave train. 

Wave frequency-number of vibrations in a unit of time. 

Period of a wave — time required for one complete 
vibration. 



CONCEPTS TO BE ACQUIRED ; 

Characteristics of wave optics: 

1. wave model of 1 1«Tht~“ir» order to explain inter - 
ference and diffraction, the thought is projected that 
light may be some type of wave motion. 

2. diffraction of waves. 

3. principle of superposition 

a. constructive interference 

b. destructive interference 

4. principle of non-reflecting glass--thi ckness 

of glass regulated so that green light (average v,ave 
length 5.3 x 10- 7 meters) is totally absorbed by 
the glass. 

ABILITY TO ANSWER THE FOLLOWING QUESTIONS : 

Explain and define diffraction and interference, (see 
above) 

Does the wave model aeree with experimental results con- 
cerning the speed of light in water and air? (yes) 



Lesson Number: 10 

Lesson Title: Forces 



Qg^EC-im: 

Introduce the concept of a forco"-an 
Influence that causes motion or a change 
In motion. 

Enumerate three basic types of forces 
— gravitational, electromagnetic and 
nuclear. 

Demonstrate that gravitational forces 
are smallest"-a film Illustrates Cavendish's 
experiment showing gravitational attraction 
between two masses. 

CONCEPTS PREVIOUSLY NEEDED AND ACQUIRED : 
Definition of a vector — quantity 
having both magnitude and direction. 

Basic vector a1gebra--addl t Ion of 
vector, see lesson 4. 

CONCEPTS TO BE ACQUIRED : 

Definition of a force--an Influence 
that causes motion or a change in motion. 

Effects of forces — demonstrated In 
film 301. 

A13 






Vector representation of a force-- 
forces are vector quantities. 

Universality of gravitational 
attractlon--demonstration of gravitational 
forces (F ■ G iri| nij ) by means of the 



d* 

Cavendish experiment (measurement of 
gravitational force between two masses). 
Conclusion : gravitational forces are 

not restricted to large celestial bodies. 

Definition of accelerat lon--tlme rate 
of change of velocity. 

ABILITY TO ANSWER THE FOLLOWING QUESTIONS : 
Define a force. (If a body is observed 
to change Its path of motion/ what has 
happened? It has been influenced by a force.) 

Give an example of three basic types of 
forces: (gravitational/ electromagnetic 

and nuclear). 

Which of the three basic types is the 
weakest? (gravitational) 

Define acceleration, (time rate of 
change of velocity; it is a vector.) 




Lesson Number: 11 

Lesson Title: Newton's Law and Inertia 




OBJECTIVE : 

Show that a force is necessary to over- 
come Inertia and change the motion of a 



body, (film 302) 
Define Newton's 

(F ■ M? * M 

LtJ 



second 



law of motion. 



Define and demonstrate the vector nature 
of forces. (The result of applying several 
forces to a body may be characterized by the 
vector sum of the forces . ) 



CONCEPTS PREVIOUSLY NEEDED AN D ACQUIRED: 
Functional relationships (direct and 
inverse proportion). 

Familiarity with vectors. (See lesson 
4 ) 

Definition of a force. (An influence 
that causes motion or a cluaige in motion.) 
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CONCEPTS TO BE ACQUIRED : 

Forces (Body neves in a straight line if there 
are no unbalanced forces acting on it'. A ’»ody 
changes velocity if a force is applied to it.) 

For the same object: Acceleration is 

proportional to force ( aoc ?)• 

For the same force: Acceleration is 

inversely proportional to mass (moCJLC 

a ' 

Vector nature of force, acceleration 
and veloci ty--a 1 1 three quantities are 
vectors and must be treated algebraically 
as vectors. 

Quantitative expression for Newton s 
second law of motion (F a ma, F « m&V^-£) 

Definition of inertial mass--lnitially, 
force and inertial mass are used synonymous- 
ly where inertial mass is the constant which 
changes the above proportionalities to 
equal (ties. 

Units of force, (one newton equals one 
kllocram meter per scco/ld per second.) 



HR 1 1 I TV TO ANSWER TH F FOLLOWING QUESTLQN3: 

What happens wheri two different bodies 
are acted upon by £he same force? (They 
experience accelerations proportional to 
the I r masses . ) 

How may one measure the Inertial mass 
of a body? (Set the body In motion under 
the Influence of a constant force and ob- 
serve the time rate of change of the 
velocity.) 

Define inertial mass. (That quantity 
which Is the ratio of a given force to the 
acceleration it produces.) 



Lessen Number 
Lesson Title: 



12 



Weight and Mass 



OBJECTIVE : 

Show that weight add mass are not the 
same. (Demonstrate that weight Is a force 
which may be attributed to the acceleration 
due to gravity; mass Is a universal un- 
changing property of a body.) 

Define acceleration due to gravity. 
(Acceleration of gravitational attraction 
to the center of the earth.) 
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CONCEPTS PREVIOUSLY NEEDED AND ACQUIRED: 
Definition of a force--an influence 
which causes motion or a change in 
motion. 

Familiarity with Newton's 
^econd law of motion. (See lesson 11/ 

F = ma) 

CONCEPTS TO BE ACQU I RED : 

Definition of wei ght--mass of an 
object multiplied by the acceleration 
due to gravity. <v? = mg ) 

Definition of mass--uni versa 1 
property of a body that is measured by 
means of a beam balance with standard 
reference mass. 

Definition of acceleration due to 
gravity-symbol "g" is employed to 
specify this acceleration of 9.8 meters 
per second per second. 

ABILITY TO ANSWER THE FOLLOW ING QUEST tONi: 
Given the rjass 2 ^ an object/ calculate 

Its weight. (17 * mg) 

Define mass/ weight and acceleration 

due to gravi ty. 
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Lesson Number: 
Lesson Title: 



13 

Forces and Acceleration 



OBJECTIVE : 

Introduce deflecting forces--forces 
v/hich cause a change in direction of motion. 
Review Newton's second law--F = ma> 
Introduce ci rcular mot lon--mot ion 
resulting from a constant force continually 
applied at right angles to the direction of 
the motion. 

CONCEPTS PREVIOUSLY NEEDED AND ACQUIRED : 
Vectors (lesson 4). 

Newton's second law (lesson 11). 

Inertia (lesson 11). 

Accelerat ion--t ime rate of change of 
velocity. 

CONCEPTS TO BE ACQUIRED : 

Nature of deflecting forces**-(Newton' s 
second law): 

1. A deflecting force causes a change 
in direction of motion/ not the 
speed. 

2. If a body does not experience 
external forces, it will continue 
to move in a straight line. 

Circular mot lon--constant deflecting 
force exerted at right angles to velocity 
will produce circular motion. 

Velocity of circular motion given by 
v = 2 IT r/t. 

Circular acceleration: a s 2TTv/t. 

Centripetal force: t = mt where a 

Is circular acceleration. This is the 
force that causes the body to continually 
seek the center of the circular path. 

v 





ABILITY TO ANSWER THE FOLLOWING QUESTIONS : 

Given a rotating mass traveling In a circular path of 
radius R and a period of rotation, T, calculate the force 
pulling the mass toward the center, the velocity, and the 
acceleration, (v = 2'frr/t, a = 2fpv/t, F * ma) 

What forces act on bodies moving In a circular path? 
(One: centripetal force.) 

What happens to a body moving in a circular path when 
the acceleration is reduced to zero? (The body follows a 
straight path in the direction of the velocity.) 



Lesson Number: 
Lesson Title: 



14 

Satellites and Planets 



OBJECTIVE : t t 

Introduce principles of celestial 
mechanics — those principles v.rhlch account 
for the feasibility of satellites. 

rONCFPTS PREVIOUSLY NEEDED AHD ACQUIRED : 
Vectors (lesson 4). 

Newton* s second law (lesson 11)* 
Circular motion (lesson 13). 



CONCEPTS TO BE ACQUIRED : 

Principle v/hlch permits maintenance of 
orbital motion. 

Centripetal force--force which draws 
rotating body toward the center of the 
circular path. Orbit achieved by adjusting 
velocity so that a satellite moves fast 
enough to always maintain circular motion. 

ABILITY TO ANSWER THE FOLLO WING QUESTIONS: 
Given the altitude of a satellite orbit 
and the period of rotation, calculate the 
centripetal acceleration.* 

Calculate the velocity necessary to 
achieve orbit at that altitude.* 

What direction must the speed of a 
satellite take In order to maintain orbit? 
(tangent to orbit or perpendicular to 
radius vector of orbit) 

What characteristic of the moon keeps 
It In the earth* s orbit? (Its velocity) 

*Use: v * 2Tfr/T a * 2 Tfv/T 



Lesson Number: 15 

Lesson Title: Impulse and Momentum 



OBJECTIVE : 

Introduce and define l rnpul se : the 

product FAt where F Is a force and At the 
time Interval during which It Is applied. 
Momentum Is a vector quantity. 

A18 
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Show that momentum Is conserved in 
co 1 1 i s i ons-“Conservat i on of momentum law; 
momentum prior to collision (collision involves 
an impulse) equals momentum after collision. 



CONCEPTS PREVIOUSLY NEEDED AHD ACQUIRED : 
Familiarity with concepts of velocity 
and mass — understanding of what they are. 
Newton* s second law of motion: 



? = m 



A t 




for 



CONCEPTS TO BE ACQUIRED : 

Definition of an impu 1 se--force acting 
a fixed time interval/ i = F&t. 

Momentum defined as mass times velocity. 

Conservation of momentum--s i nee impulses 
are equal and opposite/ the momentum lost 
by one body equals the momentum gained by 
the second body. 



Audio 
3 pages 
3,6 min 
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Before Col 1 i s ion 



After Col 1 is ion 
(new velocities identified 
by primes). 



M. t. + M„ V 



1 1 



2 2 



= M. V. * + 



1 1 



M V 
2 2 



ABILITY TO ANSWER THE FOLLOWING QUESTIONS : 

Given that a force of magnitude/ r, acts on a body 
of weight/ W/ moving at a velocity/ V/ what will the 
velocity of the body be if the force is discontinued 



after t seconds? (Use: w = mg/ F * mA v/ A t). 




What is the momentum of the body before and after the 
Influence of the force? (p = mv) 

Questions involving conservation of momentum in which 
one of the quantities is unknown. 
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Lesson Number: 16 

Lesson Title: Introduction to Work and Energy 



OBJECTIVE : 

Introduce concept of work--the component of 
a force In the direction of motion/ times the 
distance moved. The amount of work done on an 
object is equal to the energy gained by the 
obj ect . 

Introduce conservation of kinetic energy 
In elastic collisions-- 

1 / 2M j V j 2 + 1 / 2K 0 V„ 2ss 1 / 2f i , V J 2 ♦ i / 2f V * 2 



2 2 



1 1 



2 2 



CONCEPTS PREVIOUSLY NEEDED AND ACQUIRED : 
Definition of momentum--p * mv 
Conservation of momentum--The total momen- 
tum of a system is constant: 

M f M V = (i \f' +M V' 

112 2 11 2 2 

Vector algebra — a resolution of a vector 
into its components. Work done is the product 
of the force component (parallel to the 
direction of the motion) and the distance 
through which the object is moved. 






-> F. 



x i . 

777777777777777 777P 1 
1 X 



(Work done is 



F d) 
x 



CONCEPTS TO BE ACQUIRED : 

Definition of work — product of force 
component (parallel to direction of motion) 
and distance through which the object 
moves l! s Fd. 

Unit of work--newton-meter . 

Relationship between work and energy-- 
the amount of energy gained by an object 
equals the work done on the object which 
is shown to be l/2mv 2 . This energy of 
motion is called kinetic energy. Unit is 
the joule; 1 joule = 1 newton-meter. 

Conservation of kinetic energy-kinetic 
energy is conserved in elastic collisions. 

i/2m 1 v 1 2 +i/2m 2 v 2 2 *i/2; 1 vJ 2 +i/2 ? -, 2 v' 2 



f Read 
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